Abstract: A comparative study of strain response and mechanical properties of rammed earth prisms, has been made using Fiber Bragg Grating (FBG) sensors (optical) and clip-on extensometer (electro-mechanical). The aim of this study is to address the merits and demerits of traditional extensometer vis-à-vis FBG sensor; a uni-axial compression test has been performed on a rammed earth prism to validate its structural properties from the stress -strain curves obtained by two different methods of measurement. An array of FBG sensors on a single fiber with varying Bragg wavelengths ( B ), has been used to spatially resolve the strains along the height of the specimen. It is interesting to note from the obtained stress-strain curves that the initial tangent modulus obtained using the FBG sensor is lower compared to that obtained using clip-on extensometer. The results also indicate that the strains measured by both FBG and extensometer sensor follow the same trend and both the sensors register the maximum strain value at the same time.
I. INTRODUCTION
With increasing infrastructural development across the globe, there is an increasing demand for a variety of construction materials. Further, the climatic changes and the consequent global warming have put a pressing need on using eco-friendly materials in construction. In this context, construction of civil structures using mud / rammed earth has gained relevance [1, 2] . In recent times, to increase the strength and durability of rammed earth structures, cement is used as a stabilizer. It is essential to determine the mechanical properties of such composite materials for design purposes [3] .
Generally, the compressive stress-strain response of the material is one of the important parameters for the design of load bearing walls [4] . In strain response studies, the choice of proper sensors plays a vital role in determining the mechanical properties of materials.
Several strain measuring devices like demec gauge (mechanical), clip-on extensometers (electro-mechanical) and resistance strain gauges (electrical) have been used for such purposes. However, not all of them have the desirable properties like embeddability, electromagnetic insensitivity, small dimensions, easy installation, ease in reaching inaccessible areas of the specimen, multiplexing capability, etc., which are inherent in Fiber Bragg Grating (FBG) sensors [5, 6, 7] . FBG sensors are probably the most promising candidates to effectively replace the conventional strain sensors for real time strain monitoring of civil structures [8, 9] .
In the present study, experiments have been carried out in the laboratory to test the response & reliability of the FBG sensors and also to validate the material properties of rammed earth specimen by measuring strain under dynamic uni-axial compression. The longitudinal strains measured in rammed earth prisms under uni-axial compression using FBG sensor and extensometer are compared. Assuming that the locations and orientations of the sensors have been suitably chosen, i.e. according to the specific requirement of the analyzing scheme, the measured strains provide valuable information about the behavior of the specimen under test.
II. PRINCIPLE OF FIBER BRAGG GRATING SENSORS
Use of optical fibers as sensors for measurement of various parameters is gaining its importance in recent times [10, 11] . Fiber Bragg Grating (FBG) sensors are one among the popular sensor elements used for a wide range of measurements. A FBG is a periodic modulation of the refractive index of the core of a photo sensitive germania doped silica fiber, which is formed by exposing the core to an intensity modulated, intense UV beam [12, 13] . The change of the core refractive index is of the order of 10 -5 and 10 -3 .
Over the years, there have been several techniques developed to inscribe Bragg gratings in an optical fiber [14] . The phase mask technique is one of the most effective methods to fabricate FBGs [15, 16] . This method, which is used in the present experiments, employs a diffractive optical element (Phase Mask) to spatially modulate an UV beam at 248 nm for fabricating Bragg gratings [17] .
When light from a broad band source is launched into a FBG, the constructive interference between the forward and the contra-propagating light waves, leads to a narrow-band back-reflected light [18] . These results in a notch in the transmission spectrum of the fiber while a well-defined peak is seen in the more widely used reflection spectrum which obeys the Bragg's condition (1):
Here, the back reflected Bragg wavelength ( B ) is related to the grating period Λ and the effective refractive index of the fiber .
Both the effective refractive index , and the grating period Λ vary with changes in strain ε, temperature T and/or pressure P, acting on the fiber. The response of back reflected wavelength to both strain and temperature is given by (2) Where is the change in Bragg wavelength; is the strain effect term and is the temperature effect term. Temperature affects the Bragg wavelength due to the thermal expansion/contraction through the thermo optic and thermal expansion coefficients. The temperature effects are generally negligible, if the experiment is conducted at room/constant temperature or well understood or when adequately modeled, providing a direct means for measuring strain [19, 20, 21] . The shift in the Bragg wavelength (λ ) due to the applied strain or pressure from expansion or contraction of the grating period through photo elastic effect is given by
Here, the photo elastic coefficient of the fiber Pe= 0.22 and strain co-efficient is defined by B 
III. STRAIN MEASUREMENT IN UNI-AXIAL COMPRESSION TESTS
The compression test performed usually assumes that the load applied on the specimen will only be acting in normal direction and their effects in other directions can be neglected. This is because the frictional forces between the ends of the specimen and the platens exert a state multi axial force [22] . Due to the above mentioned reason, the measured compressive strength of the specimen is found to be slightly higher than its true compressive strength. The determination of strains in uni-axial compression tests is usually carried out to validate the structural properties of the specimens [23] . This phenomenon can be defined by applying
Hooke's law for linear elastic solids, given by
Where is the compliance matrix containing elastic constants, is the stress matrix, and is the strain matrix.
When a specimen is loaded in uni-axial compression, there will be longitudinal deformation along with transverse deformation (due to Poisson's effect). The presence of friction between the loading platens and the specimen gives rise to multi-axial state of stress in the specimen close to their loading faces which is referred to as "platen effect". The platen effect on compressive strength can be reduced by increasing the height/width ratio of the specimen.
The prism test specimen with height to width ratio as 2 is taken as standard for negligible "platen effect". Hence, the middle one-third height of the specimen can be assumed to be free from platen effect and a uniform state of stress exists here [24] . To capture the strain profiles along the height of the specimen, it is essential to measure the strains at various sections along its height.
IV. EXPERIMENTAL SETUP Installation of extensometer becomes extremely infeasible as it will have knifes edge which grips the specimen directly creating epicenters of localized stress. As the test specimen in present case is to be studied till its failure, it becomes extremely difficult to handle the expensive extensometer assembly. High extension or flexible specimens can damage or destroy the knife edges of the extensometer or even the extensometer itself can get damaged due to whiplash, splintering or de-lamination of specimen. On the other hand, the fairly low-cost FBG sensors can be sacrificed during the destructive failure testing of the specimen.
Though the FBG sensors which can be directly bonded on to the surface of the specimen is the best choice, the installation of bare FBG sensors on components of civil structures may The feasibility of strain measurements using an array of FBG sensors along with a commercial clip-on extensometer, for a rammed earth prism, has been investigated. The results obtained indicate that the strains measured by both sensors follow the same trend and also both the sensors register the maximum strain value at the same time. The peak strain recorded by the FBG sensor is more than the value recorded by clip-on extensometer, which can be attributed to the higher gauge length and possible loss of grip at the knife edges of the clip-on extensometer. Further, the strains recorded by FBG sensors mounted near the platen affected region of the specimen is lower than that recorded by the FBG sensors mounted at the mid height of the specimen, which is free from platen effect. It is also noted from the obtained stress-strain curves that the initial tangent modulus obtained using FBG sensor is lower compared to that obtained using clip-on extensometer allowing the data logging till the failure of the specimen.
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